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Q′ = Q cos 2θ + U sin 2θ
U ′ = −Q sin 2θ + U cos 2θ
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cos θ = ~ˆn1 · ~ˆn2 
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(X,X ′) ∈ {T,E,B} H
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aElm = −(a2,lm + a−2,lm)/2
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W Tl ∼ 2piσ2B exp
[−l(l + 1)σ2B/2]
WPl ∼ 2piσ2B exp



























<2ﬁ H%	ﬂﬂBKE$ﬁ	XH%	  &	
'TXB&%>ﬁ.ﬁXW +9F












































































+  V- ﬂﬀﬂﬁ













































































































































*ﬁ 'G  $




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































m54t{jw8{zy|n76ﬁx>v9BoGrt~t{zxzpBv9x98ﬂoGosŁvd{>= w|n:6ﬁ{zoﬁ}Bw|nBs{opB{jwMn/BoF{a= rt~{xzpv9x;8ﬂBoﬁ}otnﬂvuq9oG{w8xzq9o~v9xzyﬁn B0p!yﬁxznﬂv Moq9nw|{=<
p!yﬁsux>v9xzyﬁn
DHy|{zotxz{pBq9y?>ŁoZv9rtosuBqR{>= r@8ﬂ)wMv9oBqRv9oquq9otsŁvuq9owM8/y8/otnﬂvR,{>= r@8ﬂxznyEJoGoGpBq9xznﬂv9o 8/psAQoZvd~ot{z{o,p!y|xnﬂv~ty|nsuxBrq9r|
B
















































































































































































































































































































































(sin θ)−1(tanφ)−1(sinψ) + (tan θ)−1(cosψ)
]
1 + tan θb [(sin θ)−1(tanφ)(sinψ)− (tan θ)−1(cosψ)]
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I˜ [θ(t), φ(t)]− Q˜ [θ(t), φ(t)] cos 2αa(t)− U˜ [θ(t), φ(t)] sin 2αa(t)






























































































































































































































































1 cos 2∆b sin 2∆b
)( 1 0 0
0 cos 2αa(t) sin 2αa(t)
0 − sin 2αa(t) cos 2αa(t)
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 1 1 01 cos 2∆b1 sin 2∆b11 cos 2∆a2 sin 2∆a2
1 cos 2∆b2 sin 2∆b2
( 1 0 00 cos 2αa1(t) sin 2αa1(t)
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































N=P ≥ 4.2"(o  k)L FHn=G J/P
	1l n=GTF 
 n psr L  P n J 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Gfg#ﬂ : ^h. 
#














































ﬀﬂﬁﬃ  ! !.$'& *-	
99 O
7





9$&=61T $&=ﬃ(3$m$%(3  6!	m'
*
































































9n;P36 5]	(3$mIc $%k3] 5ﬃ))






































4H +gf@ﬀ%ﬃ  !.0f#ﬂ   

ﬂ+!     

 ﬂ  ﬃ "Bﬁ




























































































ﬂ+* !     ﬂ-,Dﬂ
 ﬃ> !














ﬀ 	Jg  !Z!ﬃ9.:!fgW  .M
ﬃ ﬂ 
@ﬀ%ﬃ iﬃ 8ﬂ 
10
,Dﬂ










































































- / 6ﬀB ﬂ@? 	ﬃ$ (lfX# 

ﬂA2B= C? #&6 ;

ﬂ/ ﬃ ">D)#@ ﬂ @!Gf X



















? ﬀ 8ﬂ (!D& )mg f ﬂ/ .0ﬃ "EF  g ﬂﬀ'f?   ﬂ ﬀg#ﬂ

+/
ﬂHG/:ﬂ/  ﬂ ﬃDﬁ R ( g  4H       ﬀB  ﬂ


















/ﬃ " qﬁ@:  -ﬃ " qﬁaﬃ :ﬂH.









































*@ﬂH mg qﬁ,ﬃ 8ﬂ# %&('QPﬃR
;
















*1 .0ﬃ "  ﬂﬁ
 mg ﬂ/(ﬃ Bﬁ $ ﬂR



























































/.)  YX ﬂ +-ﬃ fj:@ﬃ ﬁ
 
ﬂ(H.0 ﬂ/ ﬂ ﬃ9-ﬂﬁjﬃ :ﬂ :ﬂ( ﬃ$H.0 qﬁXﬃ :ﬂj!.0fﬂ   

ﬂ  ! /  
0
,Dﬂ


































































































-/.0 ﬃ$.0 ﬂa# ﬂ Hﬃ$.0

ﬃ "@ﬀ%ﬃ  
@ 









































ﬂ ﬃ ﬀﬃﬂ ﬂ i[U SG3fX!ﬃ9ﬀf mgMﬃ














































?    ﬀ'f,     













































R?H': !6 f4 	 qﬁa 4H@ a@   ﬀB  ﬂ


'/g .0 ! !ﬃ  ]4+4\
;















:ﬂ &"ﬂ/1ﬃ  "@j#@ gﬀ ﬂ qﬁc#F%!











4Hﬃ ﬂ@g(ﬃ ﬂ ! = K  .=@6 ﬁ ﬂ ﬂ#,Dﬂ
/ﬃMD":V g#ﬂR/




























;\!ﬃ  	ﬂ !,:% 'ﬂ ﬃ ﬂ/< \"g.0ﬀﬃ "
ﬁ  ﬂ(H.0 gﬃ 8ﬂ)1ﬃ  '#ﬂH\ﬀ'ﬂ ﬃ ﬂ 
 qﬁﬃ 8ﬂ  
@ )@   ﬀB  ﬂ































/ﬃ " qﬁa   Q[).M
  j$8ﬃ





























 4!ﬂ@g ﬂ ﬂU? 	ﬃ$ (lf
;

ﬂ  4ﬃ " D [ .0 !   4ﬂ !BF  6+/   HﬂW!  ﬂ
0

























































































































!.-8ﬂ ﬀ .MHﬃ ﬂ 
'ﬀ%ﬃ Yﬃ :ﬂ/H !.0f#ﬂ   

ﬂ+* !     ﬂ-,Dﬂ




















































* ﬂ ﬃ ﬂ/H@:Jg g1ﬂ .0ﬃ9   4
ﬁ
  ﬃ 8ﬂf%H         
ﬀB ﬂ 



















*@ﬂ/ﬃ ﬂ/H@!ﬃ " ﬂﬁ 
)ﬃ "!Gf@





f? 4H@      ﬀB  ﬂ

('g .0 !,	ﬃ$ (lf




























  fX1ﬃ$H./ﬃ$.0 ﬂ
;
H ﬃ " ﬀ%ﬃ 
;
  -4H-ﬁ
























































 =  '6
- / 6ﬀB ﬂ ? 	 ﬃ9 (fj#@ 


































* ﬂ ﬃ ﬂ( ﬃ "-qﬁ:  -ﬃ "-cﬃ 8ﬂ> 4H  e@   ﬀB  ﬂ























 ﬂ .:ﬂ !/f)4HHﬃ9H.  
'ﬂ ﬃ#FVﬃ 	 !ﬁg ﬂ/ﬂ/ﬀﬃ "   ﬂHG/:ﬂ/  ﬂ/1ﬃ-F\ ! ﬁ
.)ﬀ'f>H.













































.0H ﬂ ﬃ+.0 !ﬂ 
































































































































6%& Jg  1ﬂ/.:!# ﬂ H ﬂ %ﬃ " (!"'ﬂ ﬃ ﬂ/




































































































1ﬃﬃ 	Hﬃ  / qﬁa    ﬀB  ﬂ

('g .0 ! @./ﬃ$.ﬃ "  !. ﬂ !














































 ﬃ9.0 ﬂ *@ﬂH mg
(































:ﬂ ﬂ  6 /g'!ﬀ'1ﬂ  ﬂ  g)f ﬂ  .ﬃ " qﬁ@Hﬃ ﬃ ﬂ !a 4H   @ / 6ﬀB ﬂ

('g .0! P  g ﬂ
 (6+ﬂ Hﬃ9H. ﬃ9.0 ﬂ   4




















4H.0 Jg ﬃ 8ﬂ Ra.
 
+ﬂ %HﬃﬃFﬀ%ﬃ jﬃ 8ﬂ?1.04fﬂ ﬀ 






















U%ﬃ "X!\/g#ﬂ3ﬂﬁﬃ :ﬂ@#F !




























	ﬃ$ ("ﬂH@ﬂ ﬃ\86% 	 ﬃ " !.jﬀfﬂ/ ﬂ ﬃ=ﬁ 4
 +ﬂD /ﬃ 8/!ﬂ !#ﬂ'! ﬃ ﬂ
 ﬃ " ﬂ ﬃ@ﬃ9ﬀ6  




























*@ﬂHHﬃ$   g'ﬂﬁ:%   
/ﬂ ! !ﬃ' Z  @	




























4H  Z@   ﬀB  ﬂ

('  
g .0 ! :	ﬃ9 




















































:% ﬂ  4qﬁ   mg 0ﬃK4H1ﬃ ﬂ@gﬀﬃ "











































































































.) ﬃﬂﬁ ﬃ 8ﬂ>; 
0
 ﬃ ﬂ ﬁﬃ ﬂ ﬂ
4H.0 ﬂ 'ﬂ ﬃ?ﬂﬁBﬃ 8ﬂ):	ﬃ$ (lf3ﬂﬁBﬃ 8ﬂ) 









































































ﬂ  4ﬃ "3D=* ﬂ ﬃ ﬂ/H@!ﬃ " qﬁR
















   (g ﬂ G/8ﬂ   ﬂ/1ﬃ1D

















































ﬃ :ﬂ       !#ﬂU86% -ﬃ "  8ﬂ !






















*@ﬂ :ﬂ/!ﬂ ! ﬂ ﬂﬁ )ﬃ "!Gfc ﬂ
 Hﬃ$H./ﬃ "i.-:  4H +g6 
6&  

























































R?H  R!6 f4 	



















 ; ﬂ/ /"ﬂﬀ ﬂﬁ ﬃ 8ﬂ)*@ﬂ ﬂ+(&'ﬂ ﬃﬂﬁU $&ﬃ "

ﬂﬁ



































 ﬂ  ﬃ "!6
(
ﬂ










































 ﬃ3   #   -ﬃ " ﬂ














  ﬃ9(qﬁ/4Hﬃa,.) ﬃ  ﬂ  ﬂ




ﬂ(  ,.)%ﬃ ")ﬁ fﬃ 8ﬂ3R
;




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2 x 10-13  
 
 
mν = 1 eV
a)
b)











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































νx + ν¯x ↔ x+ + x− CFEE O M OZ@ CFB O =bE
νx + x











































































































































































































































































































































































































































































































































































































































































































































































89898;:;<4: ,NCF HjNED H2KW?AL Q4>bV N@Q4>C?ALGH D Q

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 %20\*r%49;,ﬁﬀF1*r(U0a1*+,-% ﬀ  s1G1 ﬀF%20 $
0.3
% &






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































BIW $ % 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(Q+ iU)(~ˆn) = ΣlmQ˜lm 2Y
m
l (~ˆn)






















































































































Bl ∼ exp[−l(l + 1)σ2B/2]
`=\[





























































































































































































































































































89898;:W:  ?4H D H2KW?bQ4>@V2NMT#NADGF HjS> Q4>YH LA>/F
$	Z%20-,51 i,513(*% r%



































































































































































































































































































































































































































































































































































































































































































































































































































































] : G V<:KUCFHg<<AYK
@
<^]

























































































































































































































































































































































































































































































































































































































 CTl +NTl CXl 0CXl CEl +NEl 0





































































































































































































































































































































































2 + C¯Tl C¯
E
l ] 0














































































































































































0  s%20  s(*s* 4%20  s%X,-% 















































































































































































































































  *   0-%n'2(*A(1*+,-%  r%  ,-% 
  ﬀ i,59ﬀ¡%!%),  s%   











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 %4' r% ﬀF';%  R9s*;% 
 









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































l′m′ >= δll′δmm′ |C˜Pl − CPl |,
=\[



























































































































































































































































































































































































































































































































w2 0 0 dw d2








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 NTTl NTEl 0NTEl NEEl 0
0 0 NBBl
















































































































































































































































































































































































































































































































































































































































































































































































































































$&% T(  



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 +";  

89898;:98W:;< 























































































































































































































































































































































































































































































































































































































































      

































































































































HPu)<V.7©<AB ﬁ?Pﬁﬁ 1  ﬀﬁ-
 %




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































fiducial M   (eV)
∆m2atm= 2.6 x 10
-3























fiducial M   (eV)
∆m2atm= 2.6 x 10
-3




























Ha*72 F[JDH0Hﬁ* <)9 +43/0*32'-0*7H <)*7HW26*3L6-/09;26C'HzN>=kJ u69A43/IJ/I+Iu69A*
26C:/F[J=A*
h

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































10As], ns, τ, yHe) =





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































g   .g
fDP
g 



































































  & K<6*E=T? *(+*3-<)*G=;*72:-09;=A=A*
g





























































































































































































' 6 ' $'& + &$ﬀ#%(X8 B # 1 #%$
#
01!)
XE 01 # A/0 & 2J+  "!) ( !/+D0 &(( !) +-2J+ +-2J+ 2J. & 2J. &




4ﬀ T 4 O T 4 A ﬁ 4 O]T ﬁ 4 OBA
)ﬃﬂ
F 4   M("! C#
ﬂ
T 4 " T 4  ﬁ 4 O=G ﬁ 4 GDO
(+*-,/.1032 ﬁ 4 G" ﬁ 4 G  ﬁ 4 T5O ﬁ 4 TVG
$ F '% F  ﬁ 4 O=G ﬁ 4 G&ﬁ ﬁ 4 T'ﬁ ﬁ 4 T 
(+*-,/.1032  
$ F ' F  ﬁ 4 OB; ﬁ 4 OBA ﬁ 4 ﬁ( ﬁ 4 T'ﬁ







































L)-09;=A9AH*[=T? 9A2 CD/0F[J-09;C:2 <)*,Hﬃ=;*72:-09;=A=A*7Hﬃ8D/IJ!QS9M-IJ-09;C:2626*3=A=A*7HCDL 26CD2 *B-=A*7Hﬃ+3J:HﬃCD` =@? CD2 (6/0C)+7<6* 
L626*[HCDL
Hﬁ-/IJD+B-9ACD2]<)*,HﬃJ!Q!JD2'-ﬁy (6=AJD2

























































































































































































































































































































































































































































































































































































































































































































































]^ $ﬁ65(&87 :9;=<?> &A@
ν ββ
' &B7 ﬂC[










































1Xh &D  $ 
\ TC i7  "%$ jE

 &#kml?hFn 5
GoSjEapXqKh 1  [
  "8D ]D $




























1ﬂh &D  $ 












































































1-qMlhﬂ&#D  $ 
]Fl]D ﬂCŁ9{ & $  " &*hﬂ&#D  $ 

















 ID $ﬃ&   " $ﬃ&t  u    i7





    $ﬁ ,C<




































  47   uE 0  5




Djt $ 0  




























1,3 & uEDO7  "X
 &/ $ﬁ ﬂ O7 3M$ﬁﬂD3

" $ﬃ&t  u    i7` $ i7#t & 9















 &D  $ 




























 7 HESﬂt B i7 jtWﬂ jD3
  5
 
 &#D  $ 
]ES  &  5


























	-17HE i7b ﬂE-t &#E &
  $ IC9-3 

























d-1Qhﬂ&#D  $ 





















jD7  u &9

































]jt¢C  M"  $ﬃ&%& 'Pj $
 &D  $ 

























  &  &#E& $  ID $ﬃ&&i£&B7  
 &^
 &#D  $ 
] &87 jD,t 
S 

&ﬂ&  $HtC¤ 









































12h &D  $ 
GES  (& M
  & $43 &
 &($]OCﬂ&8¦D  5
b"   & ' $ﬃ&t /
S &g7  HESﬂt %i7 jt














 &#D  $ 



























17 8ECjt%i7 jtES At uE *
 



































































SFh &D  $ 

















 *KJ?"% MN% MNﬀO'(b+#"


















1(1 &  & $HE 
 
Tahﬂ&#D  $ 
]
.


















































 &D  $ 































 &D  $ 
ES  & ak ﬂ"8D ID $ﬃ&ﬂt  /2C $
&   "




























































































































































































1?l(1Gl)lF7_jt_ /2CNﬂ;ER_)KAc8ﬁjED_jt EO_)KcKFJ ﬂdER_K












































1s  KHESﬂt %,Ei7c_jt3_8_jEO9;?L9;8|_e_J
t¢C)KFEKlEGe,7#t¢D@EGeTl 1allp C
α








































































39#t<9dK#7 c39ipl)l 3 l)C)KF?L9#E1














 ﬂt<_8FE06_?:E ebDjkr9;8]K:3987;?H8_akEG?GD jD#?

















































































































































  ,    	
 
    


    

    	
       ﬀ














































































































































~θI = ~θS +
DLS
DS










































































C0:=SZ<?F;@MY0>;@V58Q|Y0LMDPSyU?QPU?FHGKLV:iC0:nLe36:lkv:?>yC0:nLV:?Qﬁ>;@MLMLV:NﬁDP:n<=:?LMLV:G8C058Y0>ZU=: Jv<\36:=S;>yLV:F_e<u`qa`  `gﬀe   `
f}s_hgr¢ Le3 @MQﬁI:?FZSZ:\[0>HGKQ>TNﬁDP:WLaG~C0:?QPSZ@M>ZU^S;D0FdAG8<?@VNDP:RFZ:=S;>Z:^:?QcC0:  J]nC0:^SHG&I\GKLV:?D0FT<?F;@M>;@VNﬁDP:\[PLaG&SH58D0FZ<=:







































1− κ− γQ −γU















¢@MQPS;@e[ LaGq<=58QﬁI:?F;:?QP<=:EA58D0F;Q0@M>nD0Q¬<?F;@M>Z?FZ:EC0:¤<JGKFHG8<?>ZU?F;@VSHGK>;@V58Q CDFZU?\@Mhj: C0:LV:?Q>;@MLMLV: JS;@






~∇ · ~∇Φ(~θ) = 1
2
~∇ · ~d ﬀLI~r
ﬁﬀﬂﬃ "!#$ﬃ&%$'(ﬃ)ﬂ*ﬃ+(,$ﬃ-+(./%$$%$ﬂ01 $ﬃ&2343ﬃ5768'(ﬂ:9;'<4=5
+>ﬂﬃﬂ0;'<?>@!A%BB68'(ﬂ03ﬃ&'(CD'<ﬃ&E1 BFGB-!A$07 ﬂ@2HB4)IB6 
J




















































hj:=S;D0FZU=:=SiCPGKQPSjD0QP: C@MFZ:=<?>;@V58Q C058Q0QPU=:\[tSH58Qﬁ>iU?ﬁGKLV:=SiGKDb hju?hj:=Sj587PSH:?F;I8GK70LV:=SJ[4>Z:?LMLV:=SjNﬁDO3658Q LV:=S
hj:=S;D0FZ:?FHGK@M>W:?QLe3zGK7PSZ:?QP<=:_C0:&LV:?Qﬁ>;@MLMLV:=SJ[{S;@MhnY0LV:?hj:?Qﬁ>^C0U=<JGKLVU=:=SWCv3 D0QqY{:?>;@M>^GKQ0\LV:&SZD0FLV:¡<?@V:?Ler{¢@MQPS;@e[
LV:WLM@V:?Q:?Qﬁ>;FZ:¡YGKFHGKhj?>;FZ:=SC0:&¦>Z5:=S
P = {I,Q,U} [LV:?Qﬁ>;@MLMLVU=S:?>TQP58QceLV:?Qﬁ>;@MLVU=SR:=S;>TC0U=<?F;@M>TYGKF J

























P (~n) = P˜ (~n+ ~d)
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(sin θ cosϕ, sin θ sinϕ, cos θ)
[5MN
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~ˆn = (θ cosϕ, θ sinϕ)
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X(~ˆn) = X˜(~ˆn+ ~∇Φ(~ˆn))
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δ(~k − ~k1 − ~k2) [058Q5870>;@V:?Qﬁ>vJ
X(~k) ∼ X˜(~k)− ∫ ~dk12
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(~k − ~k2).~k2Φ(~k − ~k2)X˜(~k2)
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X(~k) ∼ X˜(~k) + ∫ ~dk22
(2pi)2














E˜∗(~k′) cos 2ϕ~k′~k − B˜∗(~k′) sin 2ϕ~k′~k
]





B˜∗(~k′) cos 2ϕ~k′~k + E˜
∗(~k′) sin 2ϕ~k′~k
]



































Error in lens reconstruction: quadratic vs. iterative estimators
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Error in lens reconstruction: quadratic vs. iterative estimators
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Error in lens econstruction: quadratic vs. iterative estimators
Raw CκκLQuad. est. (sim.)
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E ror in lens reconstruction: qu dratic vs. iterative estimators
Raw CκκLQuad. est. (sim.)
Quad. est. (theor.)
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< Φ(~k) > = 0
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Q(ν) = pνSν cos 2α
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Π(ν) = Π1.4(Π1.4, ν),

































<  > = A(ν)exp(−3.2(Π1.4)0.35) + 0.8
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CQk ≡ g(ν)2 < |Q(~k)|2 >= g(ν)2 < p2ν |Sν |2 cos2(2ϕ) >=
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< Ψ(~k, η)Ψ(~k′, η′) >=
2pi2
k3
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Pψ(k, η, η′) = PΨ(k)F (η)F (η′)





























( τ − τ∗
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i~l · ~ˆn = ilθ(cosφl cosφ+ sinφl sinφ) = ilθ cos(φl − φ) = ilθ sin(pi
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Y ml (θ, φ) =
√


















) = (−1)mJm(x) = Y0LﬃA>
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m=−∞(−i)mY ml (θ, φ)e−imφl =
YTL,ﬀ
ﬀ>




(−1)mY ml → Y ml
L
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δ(~l1 −~l2) = 1
l1
δ(l1 − l2)δ(φl1 − φl2) =
YTL "?>













































E(~l) = E˜(~l) + δE(~l) +EN (~l)







< E(~l)B(~l′) >CMB =<
(













< δE(~l)δB(~l′) > ∼ 0
< δE(~l)δE(~l′) > ∼ (2pi)2δ(~l +~l′)(CEEl − C˜EEl )
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< E(−~l1)B(−~l2)E(~l′1)B(~l′2) > =
<
(







































< E˜(−~l1)BN (−~l2)E˜(~l′1)BN (~l′2) >
!4












< EN (−~l1)BN (−~l2)EN (~l′1)BN (~l′2) > = (2pi)4δ(~l1 −~l′1)δ(~l2 −~l′2)NEEl1 NBBl2
< E˜(−~l1)BN (−~l2)E˜(~l′1)BN (~l′2) > = (2pi)4δ(~l1 −~l′1)δ(~l2 −~l′2)C˜EEl1 NBBl2
=







YTL  9J> >P&ﬁ1&= ﬃ
< EN (−~l1)δB(−~l2)EN (~l′1)δB(~l′2) > = (2pi)4δ(~l1 −~l′1)δ(~l2 −~l′2)NEEl1 CBBl2




< δE(−~l1)δB(−~l2)δE(~l′1)δB(~l′2) >= (2pi)4δ(~l1 −~l′1)δ(~l2 −~l′2)(CEEl1 − C˜EEl1 )CBBl2
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< EN (−~l1)BN (−~l2)EN (~l′1)BN (~l′2) > + < E˜(−~l1)BN (−~l2)E˜(~l′1)BN (~l′2) > +
< EN (−~l1)δB(−~l2)EN (~l′1)δB(~l′2) > + < δE(−~l1)BN (−~l2)δE(~l′1)BN (~l′2) > +




l1 − C˜EEl1 CBBl1










< E˜(−~l1)E˜(−~l3)Φ(~l3 −~l2)E˜(~l′1)E˜(−~l′3)Φ(~l′3 +~l′2) >
~l3 · (~l3 −~l2) sin 2φl2l3~l′3 · (~l′3 +~l′2) sin 2φl′2l′3
=
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< E˜(−~l1)E˜(−~l3)Φ(~l3 −~l2)E˜(~l′1)E˜(−~l′3)Φ(~l′3 +~l′2) > =
(2pi)2δ(~l3 −~l2 +~l′3 +~l′2)CΦΦ|l3−l2| < E˜(−~l1)E˜(−~l3)E˜(~l′1)E˜(−~l′3) > =




1 −~l′3)C˜EEl1 C˜EEl′1 +





















































~l · (~l +~l′) sin 2φll′ !.Qqrﬁ1&)!<ﬂ,
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< E˜(−~l1)δB(−~l2)E˜(~l′1)δB(~l′2) >=





















































l2 − C˜EEl1 CBBl2
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X = T,E, TE
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B2l = exp(−l(l + 1)θ2b/8 ln 2)
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fiducial M   (eV)
∆m2atm= 2.6 x 10
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fiducial M   (eV)
∆m2atm= 3.7 x 10
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Veff(SDSS) = 1 (Gpc/h)







>B#'Io]3D-ﬁdﬀ>L ﬀ` j!4!4SPj!m>!*& }ﬀ,5)!()!S'r!(Aﬀ,y)$!z=>&J!



















>Dp&"g\ﬂ,ﬀ,&!(ﬁl-.)!(-.)ﬀ,ﬁ'(P)$ﬀ,'lﬁﬂﬃ1!`B#ﬀﬃJ$>R&RG!(ﬁu)0o9!U!4ﬀﬃ)$&!( )]TR")ﬀ,B#ﬀ,'I)ﬀK-@ )]TRG!('')ﬀﬃB#ﬀK'rﬀ,- ﬃ)$ﬀ,'
ﬀ,'j$&!2!(ﬁ')ﬁ @$]zﬀﬃ`ﬀ,'ﬀ,5)!4!('I)ﬀ,&Jd)#ﬂ,!(!UﬀﬃQﬁ'@dDE!4!<RﬁﬁBd!4)!((L
_U&!2-4ﬁ')!4!H$@!4R&ﬂKﬁ-4ﬀﬃ&JdZlkeYHh ! o]hj;^jRGﬁﬂ jﬁ1&ﬂKzﬂ,!(*CoG!.))!(Q'I!(')ﬀ/ﬀﬃ]ﬀﬃr#)#)$!H!41"g
)ﬀﬃQBCﬁ''4P>@ﬀﬃ)$0H
σ

























0 0.1 0.2 0.3
1
10
0 0.1 0.2 0.3
1
10































































RO- −1 Lﬁ$&!$&ﬀﬃC-4ﬁ5)1&'u')$& @#>! = DEﬁB oG>))B )<ﬁR >eDEl&L -<>



























M ∼ 0.16 !0P @$&ﬀ,ﬂ,!<DEﬁUhj;^jRGﬁﬂ <t"~Htt  !2YQ_<t*&!2-.1&ﬂ,m!(ﬁ-=$





























































fiducial M   (eV)
∆m2atm= 2.6 x 10
-3
















fiducial M   (eV)
∆m2atm= 3.7 x 10
-3
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nˆ = (θ, φ)
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